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The incidence of convulsions was related to the degree of uraemia and acidaemia present on admission and not related to the sodium concentration. It is concluded that hypernatraemia, within the range studied, is not an important cause of infantile seizures unless other factors are operating. Elucidation of these other factors may be more profitable than study of the osmotic properties of the body fluids.
Though an association between infantile hypernatraemia and subsequent convulsions has been frequently reported (e.g. Rapoport, 1947; Finberg and Harrison, 1955; Macaulay and Blackhall, 1961;  Morris-Jones, Houston, and Evans, 1967; and Bruck, Abal, and Aceto, 1968a and b) , the nature of the association remains unclear. In his recent review of this topic, Finberg (1969) wrote 'considerably more investigation is in order to work out optimal modes of therapy, in particular, to determine more precisely what causes the post treatment convulsion and to obviate the contributing factors if possible'. The study to be reported was prompted by the clinical observation that hypernatraemia was often trivial in ill infants who convulsed during rehydration, while others with severe hypernatraemia, uncomplicated by uraemia, remained seizure free. In this retrospective investigation the relative contributions of varying degrees of hypernatraemia and uraemia to the incidence of post-treatment convulsions are compared in a population of infants in which other major causes of convulsions have been excluded as far as possible.
Patients and Methods
The study was confined to patients admitted to the Royal Hospital for Sick Children, Glasgow, during 1966 and 1967. Instances of hypematraemia-defined as a serum (or plasma) sodium concentration of 150 mEq/l. or above (Harrison and Finberg, 1959) Siegel (1956) . Contingency tables with analysis by x2 are presented as an alternative means of displaying the data. The significance levels (values of P) are for two-tailed tests throughout.
Results
Convulsions, often fragmentary, occurred after admission on 17 occasions. In only one case (sodium 192 mEq/l., blood urea 67 mmol/l.,t pH 7 25) was the seizure delayed beyond the first 48 hours in hospital.
Beyond the chosen limit of 150 mEq/l. there was no significant correlation between the degree of hypernatraemia and the incidence of subsequent convulsions in the 57 infants admitted with acute illness (Tables I and II relation between the degree of uraemia and the incidence of later seizures was striking (P <0 001) (Tables I and III ). All 17 infants who convulsed had either a blood urea of 30 mmol/l. or greater, or a pH of less than 7*20, or both. There was no significant difference between the incidence of convulsions in those rehydrated intravenously (46 infants) and those given oral fluids (9 infants). In the group of 46 who had intravenous fluids, the association between blood urea and subsequent convulsions remained clear (105%) of those with a lower blood urea did soone could predict that there would be 6 episodes of convulsions during therapy among the 50 normonatraemic infants with gastroenteritis. In fact there were 5.
The suggestion that uraemia and acidaemia are of importance in the genesis of the seizures in hypernatraemia is strongly supported by analysis of the small number of cases forming group B of Bruck et al. (1968b) . 7 of 14 children with a blood urea equal to or greater than 15 mmol/l. convulsed while none of 15 with a lower level did so (P < 0 * 01, Fisher test). Similarly, 7 of 12 with pH less than 7 1 convulsed, compared with none of 17 whose pH was equal to or greater than 7-1 (P <0-01, Fisher test). As mentioned earlier, the height of the sodium level seemed to play no part.
Experimental work on rehydration seizures in hypernatraemia has not shed much light on this aspect of their pathogenesis. The detailed studies of Hogan et al. (1969) did not include estimations of blood urea or pH but it is notable that there was no significant difference between the prehydration plasma sodium concentrations in those rabbits which convulsed (19 of 34) and in those which did not.
It has been argued (Morris-Jones et al., 1967) that uraemia contributes both to increased extracellular osmolality and to increased risk of convulsions, and by implication that it is the imposed alteration in the osmotic properties of the extracellular fluid, which results in the liability to seizures on rehydration. In fact there is little direct evidence to support this view. Though cerebral disturbances may occur during haemodialysis for uraemia (Rosen, O'Connor, and Shaldon, 1964) , the fall of blood urea is much slower than this during simple rehydration, with a half-time of about 24 hours (data derived from the present series). Intuitively it seems likely that in the acutely uraemic infant it is not the osmotic properties of urea which are of paramount importance, but rather some other less easily measurable disturbances associated with the acute uraemia.
At present one can do little more than speculate on what is important in this regard. Excessive losses of potassium are common in these patients, whether or not there is diarrhoea (Weil and Wallace, 1956; Bruck et al., 1968a) . In the experimental situation, Hogan et al. (1969) drew attention to the decreased potassium content of the brains of rehydrated rabbits which had convulsed, compared with those seizure free. Though the difference did not reach statistical significance, it was noted in all areas of brain sampled. Potassium is of course intimately involved in neuronal excitability and its role in the present clinical situation deserves further investigation. There is no evidence that increased urea production accompanies hypernatraemia, but it is known to occur in adults with heart failure (Domenet and Evans, 1969) (Ironside, Tuxford, and Heyworth, 1970) . Severe isolated hypernatraemia-about 200 mEq/l.-has been successfully treated by peritoneal dialysis (Finberg, Kiley, and Luttrell, 1963) and by infusion of sodium-free fluid (personal observations). If convulsions do in fact occur during therapy, there is evidence that parenteral barbiturate or calcium gluconate is ineffective (Bruck et al., 1968b) . Intravenous diazepam, however, has been successfully used in this situation (Bailey and Fenichel, 1968) . In every case management must depend upon the complete clinical picture and should not be too greatly influenced by the level of the plasma sodium alone.
